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STORAGE MEDIA 

The invention concerns a storage medium for the storage of information and data as well 
as a process for the storage and/or read-out of data in conjunction with such a storage 
medium. 

Storage media for the storage of information and data are sufficiently known. To archive 
a large volume of data in computer applications, for example, use is often made of write- 
once or rewritable CDs or DVDs, whose basic principle rests on a dye film applied onto a 
carrier disk on which, by altering the dyestuff molecule with the aid of a laser beam, it is 
possible to record information and/or retrieve information so recorded. Along with the 
technical limitation of storage capacity of such known storage media, a serious drawback 
lies in the fact that the dye composition in known storage media is not resistant to aging 
and will decompose especially under UV light irradiation, for example incident sunlight, 
so that with the passage of time the stored data is subject to potential loss. 

Beyond that, plastic disks are often used as carrier materials for CDs and DVDs and these 
are particularly sensitive to scratching, so that in improper handling the loss of data may 
also occur by mechanical damage to storage media. 

The task of the invention is to make available a storage medium and a related process for 
the storage and/or retrieval of data affording especially good safety against the loss of 
data due to mechanical damage or aging, in addition to elevated data density. 

According to the invention, this task is solved by a storage medium comprising a 
dielectric, notably disk-shaped storage material, upon which a donor medium for metal- 
ions may be arranged or applied to at least one side. Such a storage medium may 
preferentially involve glass, in particular plate glass. 
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In such a storage medium, there is a possibility to elicit by means of irradiation of this 
storage medium by electromagnetic and/or particle radiation, in particular by laser 
irradiation, at least a local doping of the storage medium with metallic ions, diffusing 
from the donor medium into the storage medium by reason of the irradiation and a 
resultant warm-up of the storage and donor media. 

For this kind of metallic ion doping, use is preferably made of silver, gold, platinum or 
copper ions, or any desired combination thereof. These metallic ions may be embedded 
in a donor medium which may be mounted or applied on at least one side of the storage 
medium and/or storage material, whereby the donor medium may be applied in any 
desired type and manner onto the dielectric storage material. For example, it is possible 
to paste a metallic-ion containing folio onto the storage material or alternatively, for 
example, apply the donor medium onto the storage medium by a printing process. 

Thus, the donor medium may be applied already during the manufacture of the storage 
medium or subsequently, by the user, onto the storage medium. 

Especially with a locally circumscribed irradiation of the storage medium, as for example 
with a focused radiation, particularly by means of a focused laser radiation, in spots of 
local warming, the metallic ions may be locally transferred in high concentrations from 
the donor medium onto the storage medium, where the metallic ions are laid out 
particularly in the proximity of the surface. 

As compared to known storage processes, for example with CDs or DVDs, such a storage 
medium according to the invention can also record onto the dielectric medium the 
information which then, according to the invention, consists of the absence or presence of 
an aggregation of metallic ions within the dielectric storage material. For example, with 
the rotary motion of a disk-shaped storage medium under a read/write beam, the 
information may for example be subsequently posted by local doping on to a helical track 
in the storage medium. 
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Even just the locally introduced metallic ions - the local range being competently 
determined by the size of the beam spot at the site of the storage in the storage medium - 
constitute information inasmuch as the locally elevated concentration of metal ions alters 
the index of refraction of the storage medium at this site, so that information stored in this 
fashion may be retrieved in a simple manner, for example by the same writing beam, 
perhaps with a different intensity, in that reflection or transmission in the area of the 
stored information causes a phase displacement of the beam. 

By way of greater or lesser doping, there is a possibility here to store not only digital 
information, but analog information as well, since the intensity of doping may be made 
dependent for example on the intensity and duration of irradiation. 

The transfer of metallic ions from the donor medium to the storage medium is preferably 
done in a low-temperature range, represented by temperatures below the transformation 
temperature of the dielectric material, as for example glass, whereby the transformation 
temperature, for example of glass, is given by the temperature at which the elastic 
properties of the glass shift into visco-elastic properties. Below this borderline 
temperature, which in the case of plate glass lies for ex. in the vicinity of 530°C, metallic 
ions may effectively be doped by the described method onto the dielectric medium, 
especially glass. 

In a further or alternative embodiment, there is the possibility by way of a local or 
uniform temperature elevation of the dielectric storage material above the transformation 
temperature, to carry out a reduction of the metallic ions present in the storage medium 
into metallic particles. Accordingly, in the wake of such a reduction, the information 
recorded in the metal consists of the localized arrangement of metallic clusters especially 
of spherical structure within the storage medium. Even by the arrangement of these 
metallic clusters within the storage medium, the optical properties of the storage medium 
change both in reflection and transmission, for example by discoloration, so that even this 
mode of storage may be utilized for extended archivation of data, since both the 
previously described aggregations of metallic ions as well as the accumulation of metal 
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atoms are stable over extended periods of time and are substantially insensitive to 
customary everyday incidence of light. 

Generally speaking, the reduction of the metallic ions present in the storage material 
occurs by heating the dielectric material above the transformation temperature, so that 
such reduction may take place for example by uniform heating, that is, tempering, of the 
entire storage medium above this temperature, following a previous local transfer of 
information in the form of metallic ions. 

Alternatively, it is also possible to carry out the storage of information in such a way that 
in an initial process by means of an electromagnetic or particle irradiation the metallic 
ions are transferred from a donor medium locally in the storage material, and that in a 
second stage of the process, the metallic ions are reduced to metal atoms by an increase 
of the temperature above the transformation temperature, for example by increasing the 
intensity of radiation. Hence, doping and reduction may take place by one and the same 
beam, as for example by a focused laser beam. The two phases of the process may take 
place, for example, immediately the one after the other during irradiation in which the 
storage medium is heated up, whereby below the transformation temperature doping 
takes place, whereas after exceeding the transformation temperature reduction takes 
place. 

Independent of the previously described process and storage medium, there is the 
possibility alternatively or in combination with the same to make use of a storage 
medium which already features an especially uniform metallic ion doping, whereby the 
metallic ion doping is already performed during the manufacturing process of the storage 
medium. In such a storage medium, the donor medium containing the metallic ions may 
be dispensed with or used subsidiarily. 
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According to the process of the invention, the storage of the information with such a 
storage medium may be accomplished, for example, by irradiation, for example electro- 
magnetic or particle radiation, in particular with a laser beam, whereby the metallic ions 
present, for example, uniformly within the storage material are converted into metal 
particles and/or metal particle aggregations within the local area of irradiation. To this 
end, it is essentially necessary to make sure that in the area of the desired storage zone the 
radiation does accomplish local warming of the dielectric storage material above the 
transformation temperature or that some other suitable energy transfer takes place. 

By way of such reduction of metallic ions into metal particles or metal particle 
aggregations storage of information takes place within the storage medium, as previously 
described. 

In particular where glass is the dielectric storage material, the resultant reduction above 
the transformation temperature may be explained by metal oxides, for example iron oxide 
and tin oxide, customarily present in the glass. These metal oxides occurring in the glass 
yield low-grade metallic ions capable of oxidizing the metallic ions introduced by the 
previously described processes, thus acting as native reduction agents. This effect is 
particularly significant in the case of plate glass, for example poured from a tin bath and 
therefore featuring on at least one side a very high concentration of tin ions. 

Along with the possibility of carrying out reduction by reducing agents inherent in the 
glass and local, and/or uniform elevation of temperature above the transformation 
temperature, there is also a possibility to reduce metallic ions by external reducing 
agents. 

Silver ions in particular lend themselves to effective reduction in a hydrogen atmosphere 
by the diffusion of hydrogen in the glass. Hence there is a possibility in a storage 
medium in which information is present by way of local metallic ion doping, to convert 
the local ion aggregations into metal particle accumulations by subsequent tempering in a 
hydrogen atmosphere. 
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Any radiation at will may be utilized to accomplish the above-mentioned radiation effects 
of local doping and/or local reduction of metal ions, as for example electro-magnetic 
radiation, in particular laser radiation, gamma, X-ray, substance, ion radiation etc. 

For recording and retrieval of information by means of a laser beam, use may be 
preferably made of a C0 2 laser as well as a laser in the visible range, particularly in the 
blue wavelength range. Precisely by irradiating a storage medium with C0 2 laser 
radiation in the long wave infrared range, it is possible to create effective local heating of 
the glass or in general of the dielectric medium. Nevertheless, in the case where C0 2 
laser radiation is utilized, the information density is limited by the very elevated 
wavelength. 

More advantageous is the use of shortwave laser radiation which allows greater 
information density, for example in the blue wavelength range. Precisely this range of 
wave lengths is ideally suited, since first of all by local heating of the material it is 
possible to form metal nuclei, in particular silver atom nuclei based on the previously 
described reduction process, whereby thereafter, in particular once the spherical metal 
particle nuclei are formed, an agglomeration of metal atoms occurs. The size of such an 
agglomeration may be affected in particular by the duration and intensity of radiation. 

The use of a blue laser beam lends itself most especially since, due to the presence of 
spherical metal particles inside the storage material, optical polarization of the particles, 
that is, the excitation of a collective oscillation of the conduction electrons against the 
atomic core is triggered within the metal particles. Such collective oscillations are 
referred to as surface plasmons, whereby absorption resonances develop particularly for 
the metallic silver in the blue wavelength range, so that the formation of metal particles 
may be carried out in a particularly effective manner even via the resonance absorption of 
the blue wavelength by means of such surface plasmon resonance. 
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Accordingly, by way of such resonance-enhanced radiation absorption, following the 
reduction of metallic ions into a metal particle nucleus, such a nucleus may effectively 
grow into a large aggregation of metal particles. 

Following the storage of desired information, this information may subsequently be 
deleted by heating up the storage medium to a specific extent, thereby introducing a 
statistical distribution of the particles present in the storage material, such as would no 
longer permit a retrieval of the information. 

In a further preferred embodiment of the invented storage material, the same is at least on 
one side provided with another film of material, for example a polymer. Such a film of 
material may for example serve as a protective layer. 

As an alternative or supplement to the protective function, there is also the possibility for 
the layer of material to feature an optically functional structure. For example, provision 
may be made within the layer of material for information which may be utilized for the 
guidance of a read/write beam. Accordingly, a suitable device for the inscription and 
read-out of the storage media according to the invention may guide a read or write beam, 
for example a laser beam, consistent with the information stored in the supplemental 
layer of material, over the surface of the storage medium and thereby record data onto the 
medium by way of the previously described process, or even read out stored data. 

Inasmuch as in the previously described possibilities of local or even uniform doping of a 
dielectric storage material with metallic ions, such metallic ion doping may be arranged 
on at least one side, especially near the surface of the storage material, it is advisable in a 
preferred embodiment for the layer of material capable of acting as a protective layer 
and/or as a supplemental information layer to be arranged on that surface of the storage 
medium which features the metallic ion doping in the proximity of the surface, thereby 
achieving simultaneously an effective protection of such metallic ion doping on the 
surface of the storage material. 
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The arrangement of at least one additional layer of material onto the storage material may 
be accomplished in a preferred manner by having the storage medium feature at least two 
interconnected disks, at least one of which comprises a storage material and another 
forms the above-described layer of material. Such disks or layers may be piled at will the 
one above the other, so that even multilayered storage media may be formed thereby, 
allowing for the storage of information on planes of different depth, whereby the 
corresponding read or write level may be chosen in particular by shifting the focus of the 
beams within the storage medium. 

In this stratified build-up, particular protection may also be achieved in that the functional 
structure of the layer of material is arranged on the side of such layer facing the storage 
material. Accordingly, in conjunction with the above-described preferred embodiment, 
both the metallic ion doping near the surface as well as the functional structure, if any, of 
the layer of material are lying directly the one opposite the other, being thereby 
encapsulated within the two materials, that is, on the one hand the protective layer, if any, 
of the layer of material and on the other, of the dielectric material. Such interior 
encapsulation yields particularly effective protection against mechanical damage of both 
the functional structure as well as of the information stored within the doping layer. 

Especially for a simplified read-out of stored information, provision may be made for the 
storage medium to feature a reflective film, arranged particularly on the layer of material, 
preferably between the layer of material and the storage material. Such reflective film 
may ideally coat the functional structure, for example the guiding track for a read or write 
laser, thereby simplifying the scanning of such functional structure, whereby at the same 
time the reflective film enables the read-out of the stored information in a reflective 
sequence. 

A sample embodiment of the invention is further illustrated in the following figure. 
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Figure 1 illustrates a storage medium according to the invention, which may be termed a 
hybrid storage medium, consisting of a first disk-shaped sensitive doped glass 1 and a 
second surmounting polymer disk 3 arranged behind the glass in the direction of the 
laser beam. In the area of its surface 2, the glass disk 1 comprises metallic ion doping, 
evenly applied onto the glass for example already during the process of manufacture. 

The polymer disk 3 serves as protective disk for the metallic ion doping arranged in the 
proximity of the surface within the glass disk 1 and features moreover on its surface 
facing the glass disk 1 an optically functional structure in the form of a guidance track 4, 
extending for example helically relative to the mid-point of the two disks over the entire 
inner surface of the polymer disk 3. In addition, the inner surface of the polymer disk 3 
facing the glass surface 2 containing the metallic ions, features for example an aluminum 
reflective film 5, extending uniformly over the polymer disk and the functional structure 
housed therein, thereby allowing for a particularly simple guidance of a read/write laser 6 
in a reflective configuration, such as is known for example from the customary CDs and 
DVDs. 

By reason of the fact that both the glass surface 2 featuring the metallic ion doping and 
the polymer disk surface featuring the functional structure are facing each other, and that 
the reflective film also comes to lie inside this bond, particularly good protection is 
afforded against mechanical damage of these three configurations. In a recording device 
utilizing such a storage medium according to the invention, the illustrated writing laser 
beam 6 may be guided by the guidance track 4, allowing for the desired information to be 
stored in a helical shape within the storage medium, that is, in the surface 2 region of the 
glass disk 1 . 

As the writing laser beam traverses the glass layer of the storage plate 1, the laser beam is 
broken and so adjusted by the pre-switched optics that the focus comes to lie on the 
desired writing plane, that is, near the surface 2 of the storage medium I. Preferably, the 
glass surface forms the desired writing plane on the site of contact to the polymer, that is, 
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on the reflective film. It is also feasible to shift the writing plane further into the interior 
of the glass disk 1 . 

The above described reduction process is accomplished by way of local heating of the 
storage medium 1 in the area of the writing plane, so that the evenly distributed metallic 
ions are reduced in the local area of heating, whereby the information is deposited in the 
storage medium. Particularly by way of this configuration, the reduction of the metallic 
ions into metallic particles causes staining of the glass in the area of the focus, which can 
then be simply utilized by reflection or transmission for repeatable read-out of the stored 
information 

Because of the insensitivity of the metallic ions as well as the metallic particles after 
reduction, an especially good long-term stability is achieved, far surpassing the stability 
of customary dye-based storage media. 

This application claims priority from German application No. 102 49 095.3 which is 
hereby incorporated by reference herein. 
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CLAIMS 

1 . Storage medium for the storage of information and data, characterized in that 
the storage medium comprises a dielectric, notably disk-shaped, storage material 
(1) upon which is or may be arranged on at least one side a donor medium for 
metallic ions, whereby by irradiation of the storage medium, in particular with a 
laser beam (6), metallic ions may be transferred from the donor medium into the 
storage material (1). 

2. Storage medium for the storage of information and data, in particular according to 
claim 1, characterized in that the storage medium comprises a dielectric, notably 
disk-shaped, storage material (1), featuring at least a local metallic ion doping, 
whereby by irradiation, in particular with a laser beam (6), the metallic ions may 
be converted into metallic particles and/or aggregations of metallic particles. 

3. Storage medium according to claim 1 or 2, characterized in that the storage 
material (1) is glass. 

4. Storage medium according to one of the foregoing claims, characterized in that 
the metallic ion doping is arranged on at least one side near the surface in the 
storage material (1). 

5. Storage medium according to one of the foregoing claims, characterized in that 
the metallic doping is executed with ions of silver and/or gold, and/or platinum, 
and/or copper. 

6. Storage medium according to one of the foregoing claims, characterized in that 

a layer of material (3), particularly polymer, is arranged upon at least one side of 
the storage material (1). 
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7. Storage medium according to one of the foregoing claims, characterized in that 
the material layer (3) features an optically functional structure (4) forming in 
particular information for the guidance of a read/write beam (6). 

8. Storage medium according to one of the foregoing claims', characterized in that it 
features at least two interconnected disks (1,2) of which at least one comprises a 
storage material (1) and another forms a layer of material (3). 

9. Storage medium according to one of the foregoing claims, characterized in that 

a metallic ion doping in the proximity of the surface is arranged on the side of the 
storage material (1) facing the material layer (3). 

10. Storage medium according to one of the foregoing claims, characterized in that 
the functional structure (4) in the material layer (3) is arranged on the side facing 
the storage material (1). 

1 1 . Storage medium according to one of the foregoing claims, characterized in that 

it features a reflective coating (5), arranged in particular on the material layer (3), 
preferably between the material layer (3) and the storage material (1). 

12. Storage medium according to one of the foregoing claims, characterized in that 
the stored information or data consist of a spatial arrangement of storage material 
regions with and without metallic particles/metallic ions. 

1 3 . Process for the storage and/or read-out of data with a storage medium, notably 
according to one of the foregoing claims, characterized in that by means of 
irradiation of the storage medium/material by electromagnetic and/or particle 
irradiation, particularly by means of a laser beam (6), doping of the storage 
medium/material (1) is carried out with metallic ions from a donor medium 
arranged on the storage medium/material (1). 
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1 4. Process for the storage and/or read-out of data with a storage medium, notably 
according to one of the foregoing claims, characterized in that by irradiation of 
the storage medium/material (1) by electromagnetic and/or particle irradiation, 
especially by means of a laser beam (6) in a dielectric storage material (1) doped 
at least locally with metallic ions, information is stored in storage material (1) 
by local formation of metallic particles out of metallic ions, and/or the stored 
information is read out by scanning the storage material (1) with the said 
irradiation in transmission and/or reflexion. 

1 5. Process according to one of the foregoing claims, characterized in that reading 
and writing of the information with a laser beam (6) takes place in the visible 
spectral region, notably in the blue wave length region. 

1 6. Process according to one of the foregoing claims, characterized in that the 
formation of metallic particles and/or metallic particle aggregations takes place in 
the first step of irradiation by thermally induced formation of metallic particle 
nuclei by the reduction of metallic ions, and in a second step, growth of metallic 
particle nuclei into a metallic particle aggregation occurs by resonance-enhanced 
absorption of radiation, notably by reason of surface plasmon resonance. 

1 7. Process according to one of the foregoing claims, characterized in that the 
deletion of stored information and data takes place by heating the storage 
medium (1). 
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